
~ - ~ __-_____.I - - --111 -___l__-__. 

1 
: :-.NASA TECHN I CAL TRANSLAT 1 ON NASA.TT F - 12,741 

V.  G .  Kuznetsov 

Science i n  the Year 2000 (Nauka v 2000 Godu) "Nauka" Press, 
MOSCOW, pp. 171-190, 1969 

I 

I 
I 

. .  

NAT[ONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASH I NGTON , D. C . 20546 APRIL 1970 



I 

I I 
T1 - --r+FACE I - 

I 

-- 
e i - - -  

! L i - 
-- 
_- ABSTRACT. Discussions o f  various theor ies o f  the evolut ion 
- of the universe are fo l lowed by predic t ions t h a t  c e r t a i n  

--- place before the year 2000, i nc lud ing  observations from the 
_I surface o r  from the v i c i n i t y  o f  p lanets o f  the ear th  group, 

and the use o f  nuclear energy i n  space probes. I t  i s  pre- 
- d i c ted  tha t  so lu t ions w i l l  be found f o r  such problems as the 

- events of importance i n  astronomy and astrophysics w i l l  take 

. #  

. -  -- nature of the expanding universe as w e l l  as f o r  o ther  prob- 
lems re la ted  t o  various theor ies p e r t a i n i n g  t o  the o r i g i n  

" -  and ev,olution o f  the universe. The new astronomical revolu- 
"- t i o n  which began i n  the XX century w i l l  lead t o  a confirma- 
- t i o n  and s p e c i f i c  d e f i n i t i o n  o f  r e l a t i v i s t i c  cosmology. 

- -_ 
i 
.. 

_ .  One of the  most outstanding statements of the theory of r e l a t i v i t y ,  con- /171* - - 
tained i n  the book wri t ten i n  1923 by A. A .  Fridman, "The Universe as Space 
and Time," was prefaced by the  author i n  the  form of an epigraph of  the  

following extract  from "The Histor ical  Materials of Fedot Kuz 'mich Prutkov": 

Yhce, when the  night covered the  heavens with i t s  mantle, the French phiios- 

opher Descartes, who was s i t t i n g  on h i s  s t a i r s t e p  and was regarding the  
gloomy horizon with grea t  a t tent ion,  was approached by a passerby with the  

question: 'TeZZ me, wise man, how many stars are i n  the sky?" "You good for 
nothing!, I' he  answered, "No one can comprehend the ineomprehensibZe!" These 
words, pronounced with grea t  force,  had the  desired e f fec t  on the  passerby." 

- - 
. .  

-- - 

I 

In t h e  f irst  l ines  of the  book following the  epigraph, A .  A. Fridman says 
- 

~- . t ha t  "Among thinking humanity w e  s h a l l  always f ind  curious passersby and more 

well-mannered wise men than Descartes-, who attempt, on the  bas i s  of insignif-  

, icant  data,  t o  create a p ic ture  of the  universe." [l] 
~-ttecades of t he  XX century these well-mannered wise men w i l l  be able  t o  respond 

,to questions of curious passersby about t he  universe, based on data  which is  
no longer qui te  s o  insignif icant .  

t ions concerning d iscre te  bodies i n  the universe alone. 

- - 
In the  remaining 

T 

- -  - -  . 

But t h e  matter no longer concerns calcula- 

The space problem i s  

*Numbers i n  the margin indicate  pagination i n  the foreign t ex t .  __ 1-- -~ 
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o longer and perhaps no t  s o  much a problem of interact ing discrete  bodies as /E 
it i s  a problem of f i e l d s  which d i f f e r  i n  nature. The most s ign i f icant  dis- - 

- t inc t ion  consis ts  of t he  fact tha t  now it is impossible without any theore t ica l  
-- constructions which encompass the  metagalaxy as a whole t o  advance with 

+suff ic ient  rap id i ty  i n  those fundamental fields of science which give t o  our 

' j___ era ~ i ts  characteristic dynamism. 

- 

. 
I_ 

- .__ 

_ _  The classic picture of  in te rac t ing  bodies--of the stars, planets and 

comets--was t h e  r e s u l t  o f  the first astronomical revolution, brought about by 

the telescope. 

detected the  d iscre te  nature of the Milky Way and other  previously unknown 

facts and published h i s  discoveries i n  "The S t e l l a r  Ambassador,'? a period 

began of proof, theore t ica l  thought and spec i f i c  def ini t ion of the Copernican 

system--'of the p ic ture  of in te rac t ing  bodie 

of Peritatetic cosmology. 

When i n  1610 Galileo directed h i s  telescope toward the sky and 

- -  u t  the "natural movements f f  

_ -  
T- 

The new astronomical revolution which began i n  the middle o f  the  XX ten- 

- tury and which continues now and has every chance of  encompassing the end of 
- t h e  century, and perhaps even the  beginning of the next century, w i l l  apparently 

lead t o  the confirmation and spec i f i c  def ini t ion of r e l a t i v i s t i c  cosmology, 
i.e., t o  a p ic ture  of space which is curved, and the  radius of which changes 

with the  passage of t i m e .  In t h i s  connection the new astronomical revolution 

permits us t o  see i n  this space the  play of in te rac t ing  f i e lds ,  the existence 

and behavior of  the quanta of these f i e l d s  and of elementary pa r t i c l e s .  
. .. 

_ _  The second astronomical revolution takes as the most general bas ic  idea 

the r e l a t i v i s t i c  model of t h e  metagalaxy and attempts t o  associate it not only 

with grav i ta t ion  but  a l s o  with d i f fe ren t  types of f i e lds .  

observational facilities then the  i n i t i a l  point of a new astronomical revolu- 

t ion is made up, first of a l l ,  of observations from s a t e l l i t e s  and space 

probes and secondly of  the replacement, o r  t o  be more exact, the  supplementing 

of the  human eye by astrophysical instruments which detect  electromagnetic 

wave3 not only i n  the  opt ica l  bu t  a l so  i n  other  ranges, as well as the  flows 

of various pa r t i c l e s  i n  addition t o  electromagnetic radiat ion.  

If we speak of 

. 

Artificial ear th  s a t e l l i t e s  and space ships have already permitted us t o .  
_ _ . .  . - - -  _ _  _. - _ _  

. . .- 

I . - . .- . 
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- . . -- - - - _ _ _ _ _ _  
- >serve -the - radiat ion of astronomical objects w i t h  no hindrance from the  

earths .___-- atmosphere --- on these observat-ions. A qui te  r e l i ab le  prediction f o r  the  /173 - 
-year 2000 promises observations from the  surface of the  moon and from the  

-'--wnface or from close o rb i t s  surrounding Mercury, Venus and Mars. The pos- 

._sibility o f  delivering astronomical and astrophysical instruments t o  planets ' 

of  the ea* group is the fundamental point  of predictions f o r  the development 

af ;tS-tronomy-for-the year 2000. _- - 
- Space rockets a t  the present t i m e  s t i l l  do 

But such use i s  foreseen in  predictions f o r  the 

year 2000, In this sense astronaut ics ,  which' now has i ts  own independent . 
power base (therefore it i s  va l id  t o  add "space" i n  the  oft-repeated charac- 

. ter izat ion "atomic-space era"), as a r e s u l t  w i l l  experience the resonance 

effect o f  nuclear power and w i l l  depend on i t s  progress. 

,*nut employ nuclear energy. 
I 

- -  . 

.- 
There is s t i l l  another and s ign i f i can t ly  more subt le  re la t ionship between 

the  prospects of  astronomy and nuclear physics. This concerns nuclear re -  

actians known t o  the  physicis t  which draw f o r  explanation upon the r e su l t s  

af astrophysical observations. 

The transfer of nuclear models from the  microcosm t o  stellar astronomy 

- furn ishes  par t icu lar ly  important r e s u l t s  when we speak of the  so-called 
m d n  sequence of  the stars. 
is defined as follows. 

This term, which w a s  introduced by Eddington, 

Stars  consist  mainly of plasma--of hydrogen nuclei ,  i .e. ,  of protons and 

helium nuclei ,  mixed with electrons torn  from them. 

have i n  comparatively small numbers the  nuclei  of heavier elements--of oxygen, 

In addition, stars a l so  

-nitrogen, carbon, ' i ron and several  others. 
classes; they are distinguished by color. 

and may be reddish, yellowish and a t  the  very highest  temperatures, white and 

bluish. On the  other  hand, stars are a l so  distinguished by luminosity ( i .e . ,  

by the quant i ty  of  energy radiated by the  star pe r  un i t  time). Luminosity i s  

S tars  belong t o  d i f fe ren t  spec t ra l  

The color  depends on temperature 

- 
. .  --I 

_--;ifistance and i f  a l l  stars are reduced t o  an a rb i t r a ry  standard distance the  

associated with the apparent brightness of a star; the l a t t e r  depends a l so  on 
= 

luminosity w i l l  be a measure of absolute s t e l l a r  magnitude. S t e l l a r  r a d i i  

--- --change within very wide limits: there  a re  stars no la rger  than the  ear th  

("white dwarfs"), while others occupy a space which is  su f f i c i en t  not only /I74 - 
. -  

- 
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_.'-_far the s m ,  but  a lso-for  the-arb i t -of  the planets of the ear th  group. Mass 

shows less change since large stars may be b i l l i o n s  of times less dense than 

small stars. 
- - - - - - - - ___-_-__ - - --- ._ - 

- 
I For most stars luminosity and color  coincide: i f  along the  horizontal  

. - -axis from the  l e f t  t o  t he  r igh t  w e  place the spec t ra l  classes which correspond 

-ta decreasing s te l lar  temperature, and w e  place increasing luminosity values 

a long &e vertical axis from the  bottom t o  the  top, we see  tha t  most stars 

--faII along the  diagonal which passes from the  upper l e f t  corner (i.e., from 

- -- 

-_ 

the region of high Iuminosities and high temperatures) t o  the lower r igh t  

carrier (ire.,  t o  the region of low luminosities and low temperatures). This 

- is the "main sequence1' o f  stars: on the diagram luminosity decreases with a 
reduction i n  the temperature o f  stars and with a change i n  t h e i r  color  from 

- - - % - 3 r . m d w h i t e  to-pllm- and then - t o  red.  

* -- _.,Outside the main sequence we f ind  stars with very high luminosity 
(**giantsr1 and %uper giants"), but  which belong t o  a spec t ra l  c lass  which co- 
incides with a comparatively low temperature; they a re  distinguished by a 

reddish (sometimes .b'y a yellowish) color  and are  cal led red giants .  
-----&de the  main sequence & -the dhgram is the  group of stars of high spec t ra l  

Also out- 

class with comparatively low luminosity ('(white dwarfs") . 
- -  

of nuclear processes. 
The evolution of stars i n  the  main sequence i s  explained by the  course 

The bas ic  source of s te l lar  energy i s  the thermonuclear 
J. . 

. reaction, the  formation o f  helium nuclei  from protons. The s t e l l a r ~ p e r i o d  on 
_- 

T e  main YZKce-agrees with the  spec i f i c - e f f ec t  of the thermonuclear re- 

action on s t e l l a r  radiation. 
Le,, the  spec t ra l  change i n  i t s  radiat ion and corresponding change ( th i s  

The evolution of a s tar  i n  the  main sequence, 
-."*-*_ .- ___ e 

correspondence a l so  means tha t  the star remains i n  the main sequence) i n  
- -  
luminosity h a  the  following significance,  i n  the  l i g h t  of  nuclear physics [2]. 
I 

~- - L e t  us assume tha t  - -  i n t e r s t e l l a r  material began t o  condense and then under /175 7 

- -  
the influence of gravi ty  the  primary cloud formed a nontransparent, gaseous - 

- -sphere. 
~- 

Gravitational forces compress t h i s  sphere, i t s  temperature increases,  
_*.._ ___- -- -- - - -  - 

but it is  s t i l l  not large and therefore the s t a r  color approaches red; 
- - - -- - _ _  - - - __ . - _  



. .  

; . "  luminosity, which depends on mass,. may be very high. 

. .  - i t s  luminosity, and the s t a r  proves t o  be i n  the main sequence. 

Subsequent grav i ta t iona l  
- compression increases the temperature, the star color begins t o  correspond t o  

Now the s ta r  
--temperature permits the  thermonuclear react ion t o  begin and t h i s  react ion i n  

' I turn maintains the temperature, and therefore a l so  the radiat ion spectrum of  
- t h e  star at a slowly changing level.  

-_- 

The s ta r  luminosity a l so  changes slowly. 
I 

: - . .  If the mass is high and the radiat ion i s  qui te  intensive (as f o r  %lue giants"),  

i n  the course of several  mill ion years the star loses  i t s  hydrogen reserves,  

the protons are  converted comparatively rapidly i n t o  helium nuclei  and the  star 
- 

-becomes a helium sphere, the luminosity of which no longer corresponds t o  i t s  

'-Three helium nuclei  are  transformed i n t o  a hydrogen nucleus. 
- t u r e  continues t o  be high other  thermal reactions may a l so  occur which t e r -  

minate with the formation of iron, which is then incapable of par t ic ipa t ing  

i n  nuclear reactions with the release of energy. 

spectrum. But soon (on the space time sca le )  a new nuclear react ion begins. 

If the tempera- 

For a star with a mass 
-approaching t h a t  of the sun the e n t i r e  evolutionary process may continue f o r  
.about 10 b i l l i o n  years. 

- .  - - - -  I 
Such calculations a r e  d i r ec t ly  associated with nuclear physics and are  

qui te  cha rac t e r i s t i c  f o r  atomic age science.  
consists of concepts concerning nuclear reactions which thus far  have not  

been applied i n  prac t ice  but which serve as the  bas ic  object of experimental 
and theore t ica l  investigations.  But here another aspect of the atomic e r a  

exer ts  an influence. S t a r  evolution may be expressed i n  quant i ta t ive def- 
i n i t i ons ,  while the periods of evolutionary s tages ,  temperatures, r a d i i ,  

luminosi t ies  and s tar  spec t ra  may be expressed only with the  a id  of e lec t ronic  

computers. 

The bas is  of these calculations 

- .  

-- 

For stars with a mass which approaches t h a t  of the sun, i . e . ,  those with 

8- a l e s s e r  mass o r  a somewhat grea te r  mass (up t o  1.2 times the mass of the sun), 
. -  '-the last  stages of t h i s  biography consis t  of transformation i n t o  "white 
-. i __ 

, -- dwarfs" and of subsequent cooling. 
'-of the mass of the sun, while dimensions a re  s ign i f i can t ly  reduced and 

Their mass remains the same--of the order /I76 - 

approach those of the ear th .  In t h i s  case density a t t a ins  values of tens of 

tons cub i c centimeter. Such a f a t e  a1 so b e f a l l  a "red giant, ' '  i f  it 

. .  . 

. . .. .... . - . . 
. .  



throws o f f  i t s  mantle and reveals 

t o  another spec t ra l  c lass)  and reduces i ts  mass. * 

incandescent - nucleus -(i.e-ii i f  i t - p a s s e s  

i 
Whi te  dwarfs" may ex is t  f o r  an extended period o f  time, i.e., f o r  

._ b i l l i ons  of years, while gradually cooling and being transformed i n t o  %lack 
awarfs," - which do not rad ia te  at  a l l .  

dwarfs" is explained by purely quantum regular i t ies .  

which release large quant i t ies  of energy no longer occur i n  the "white dwarf." 

The exhaustion of the  nuclear f u e l  disturbs the balance which is  cha rac t e r i s t i c  

of - the main sequence between gravi ta t iona l  compression and the  pressure of 

The comparative s t a b i l i t y  of "white 

Thermonuclear reactions 
. 

- 

I- 

~ - incandescent plasma par t ic les .  But here the pr incipal  revealed by Pauli 

plays a pa r t ,  i n  tha t  two electrons a re  forbidden t o  be i n  the same state.  

With high density of the plasma which consists of nuclei  and electrons,  

electrons with ident ica l  veloci ty  a re  very close t o  each other and the Pauli  
exclusion is expressed i n  t h e i r  mutual "repulsion"--in the  e l a s t i c i t y  of the 

electron gasl .  

We have spoken .above concerning the  or ig in  o f  stars from diffused, 
sca t te red  matter as the i n i t i a l  s t ep  i n  t h e i r  evolution. 

a l so  e x i s t s  which states tha t  the stars were formed from dense bodies [3]. 
This concept, developed by V. A. Ambartsumyan and h i s  school, has a high 

"prediction importance"; there is some j u s t i f i c a t i o n  f o r  assuming tha t  t h i s  

Another concept 

concept w i l l  acquire new arguments during the  course of the  years and decades 

of  the near future.  

The theory of the evolution o f  stars i s  based on the theory of nuclear 

reactions and on the  theory of gravi ta t ion.  As long as we are  examining the 
main sequence and preceding s tages  of evolution, w e  are  concerned with 

gravi ta t ion as described by Newton's theory. 

ex is t  which by nature may go beyond the  framework of  Newtonian theory. 

-processes break through the normal and "ordinary" (i.e., subordinate t o  

Newtonian law) gravi ta t ional  forces of s te l lar  evolution, associated with 
-nuclear reactions.  In connection with s imi l a r  cataclysms a star,  i n  the  . 

But grav i ta t iona l  processes 
- 

These / ~ 7 7  - - _  

_ _  

'See the  description of this s i tua t ion  and of s t e l l a r  evolution as a whole 
i n  the a r t i c l e  by I. D. Novikov, lThe Final Fate o f  t he  Stars" (Reference 
manual "Future Science,i' 2nd Edition, Moscow, 1968, pp. 111-123). 

.. . . . . . . . . ... .. -. .- - . .~.. . . .  . . .. . 
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:.-camse of a short  time, rad ia tes  more energy than-b i l l ions  of stars, than an 

Such processes perhaps serve as the reason f o r  ca l l ing  these 
- 

re galaxy. 
- - 

oittburs ts supernovae [4] . 
- _  

_- 

- -  
New stars f l a r e  up frequently--nearly 100 per  year i n  the galaxy, while 

---supernovae-appear i n  la rge  galaxies on the average of  once i n  the  course of a 

Now, when it i s  __ century, In  ou r  galaxy the  last supernova occurred i n  1604. --- -- - 

passibIe t o  observe a multitude of galaxies ( in  connection with which not only 

--optical rad ia t ion  can be perceived and measured), su f f i c i en t  observations have 
. .  

, -  
I .-  

I, - 

. .  

. .. 

been accumulated which c l a r i f y  the nature o f  supernovae. 

-believe t h a t  supernovae sometimes appear from stars which have already under- 

.sone an extensive evolution, and sometimes from young, extremely massive stars 

It is possible t o  

which exceed the m a s s  of t he  sun by two times or more. Upon f lareup they 
fom gaseous nebulae which a re  characterized by a high degree of radio a c t i v i t y  

and powerful op t i ca l  and X-ray radiat ion.  V. inzburg and I .  S. Shklovskiy 
befieve the supernova outbursts t o  be the main source of cosmic rays.  

problem o f  the or ig in  of cosmic rays is one of  the main astrophysical problems 
far which so lu t ions  m u s t  be projected f o r  the  end of the century. 

z a p e c t  e x t r a t e r r e s t r i a l  observations from space probes, from the lunar surface 

and from the  planets  of the ear th  group w i l l  allpw a more exact determination 

of the composition of  primary cosmic rays, while yet unchanged by in te rac t ion  

w i t h  the  ear th 's  atmosphere. 

The 

In t h i s  

The nature  of  supernovae i s  s t i l l  f a r  from c l ea r  and everything t h a t  i s  

said about t h i s  subject  now represents only i n i t i a l  hypotheses which i l l u s t r a t e  

the nature of the astrophysical problems which w i l l  be solved a t  the end of 

the century. 

will be confirmed concerning an explosion caused by gravi ta t iona l  compression 

under the influence of forces  which correspond t o  Einstein 's  l a w  of grav i ta t ion . / l78  - 

It is  possible  t h a t  during the  course of t h i s  time the concept 

This idea is qui te  cha rac t e r i s t i c  of contemporary astrophysics,  of i t s  tend- .. - __ 
.encies and prospects I 

I -- 
"- 

;- 
f i n a l  s t a t e s  of  stars with a mass not grea te r  than 1 . 2  times the  mass of the 

We have already spoke of "white dwarfs;if i .e., of t he  comparatively s t a b l e  
- 

,sun,_-_F.or stars w i t h  large mass, electron gas pressure i s  insuf f ic ien t  t o  

oppose gravi ta t iona l  compression; the l a t t e r  continues t o  ac t  and the s t a r  i s  
- _ _ _  - 

_. . 

7 _- _ _  . _ _  
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redbce-d- t o  dimensions of  the order of 10 km,-*le -acquiring f a n t a s t i c  den- 

-sity which exceeds the density of  the atomic nucleus, i . e t ,  100 b i l l i o n  tons -- - -  _ _  __LII-. - . - -  - 
. -pe r c u b i c  centimeter. In connection with this density the  f r ee  electrons 

. -. . . d i n e . w i t h  protons, &e protons capture them and are  converted i n t o  neutrons; 

_ _  the  star then consis ts  of c losely compressed neutrons. In t h i s  overdense 

state complex atomic nuc le i  no longer exist .  ?hen only elementary p a r t i c l e s  
- 

- - e rn-  mrrrteons- may- n fist; These -particTes--do not- E s i n t e g r a t e  under 

-such high density. 
- 

Pyithin s p e c i f i c  limits the e l a s t i c i t y  of averdense matter may oppose - 
I 

_ _  , -further gravi ta t iona l  compression, 

-I -*... --Q&ce-the mass of t he  sun ar lost its excess mass, -it would gradually cool. 

A t  the present t i m e  the  existence of neutron s t a r s  has not been proved. 
_- - - & M h o R g  -the -forthcoming posskble -dfscoveries in the  predictions of 

If a neutron star did not  exceed i n  mass 

In- 

astrophysics a re  discoveries of  neutron stars in connection with neutrino 

abservations, i ,e, ,  o f  uncharged pa r t i c l e s  with zero r e s t  m a s s ,  t he  radiat ion 
of which m u s t  accompany hypothetical  react ions i n  these stars. Perhaps 

neutron stars w i l l  be detected by t h e i r  X-ray rad ia t ion  [51. - _ _ _  

-. A neutron star with a mass not exceeding two times t h e  mass of the sun 
is first included among the  cooling and then among the cooled stars and t h i s  

-5s the final point i n  i t s  evolution, 
Np t ion  o f  the balance between e l a s t i c i t y  due t o  nuclear reactions and grav- 

i t a t i o n a l  compression Is greater than the  indicated value, t he  e l a s t i c i t y  
of the campressed and neutron-rich substance do not  s top  gravi ta t iona l  com- 
pression which i n  t h i s  case acquires the nature of a cosmic catastrophe. 

For this mass of the star a f t e r  dis-  
I 

/I79 
I_ 

- .  

t as t ruphica l ly  rapZd compression is  ca l led  grazGtationaZ coZZapse. This 

term is  already familiar t o  us f o r  grav i ta t iona l  collapse w a s  encountered i n  
.--c?-smrection with the  hypothesis of m a x i m u m s ,  This concerns star compression 

- _  -under the influence of grav i ta t iona l  forces which develop i n  accordance with 

-Einstein's law of gravi ta t ion,  In accordance with Newton's law, gravi ty  in- 

- &ases without l i m i t  when the distance between bodies approaches zero. On . 
the  surface of t h e  star the  grav i ta t iona l  forces approaches i n f i n i t y  when t h e  
star contracts t o  a point ,  i .e, ,  i t s  dimensions approach zero. 

Einstein 's  law, gravi ty  approaches i n f i n i t y  when the  radius of the s t a r  

__ 

According t o  _-___ __- I---. -. " - -  -- " 

_ _  - - _ -  - _ _  
- _  - 
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- - - - - __ - - - 
approaches a de f in i t e  value which is proportional t o  i t s  mass. For the  sun 

- o r  f o r  another s tar  with the same mass t h i s  radius equals three kilometers. 

Here, a t  t h i s  distance from the center of the star, the gravi ta t ional  forces 
become i n f i n i t e  and the  rate of convergence of the  pa r t i c l e s  under the  in-  

*fluence of these forces becomes equal t o  the  veloci ty  of  l i gh t .  
_- 

An extremely 

'-paradoxical p ic ture  follows f o r  t h i s  case from the theory of r e l a t i v i t y .  I t  

would seem t h a t  a body i n  motion i n  such a gravi ta t ional  f i e l d  ~ o u l d  cover a i' 

--tremendous difference i n  the  course of a b r i e f  instant .  But th i s  'brief 

instant"  i n  the  theory of r e l a t i v i t y  loses absolute meaning. The expression 
, - ' k e f  instant" has meaning f o r  a system of reference f ixed on the  s tar  it- 

- s e l f .  For other systems, f o r  example, f o r  our ear th  system of reference, 

t h i s  i n s t an t  becomes an increasing time in te rva l  i n  proportion t o  the  progress 

.of compression, and when t h i s  brings the  star t o  the  c r i t i ca l  radius already 

mentioned, t he  ins tan t  is  i n f i n i t e l y  extended. 

- 

_ _  
space-time metric. 
the grea te r  the change i n  the metric, and thus t h e '  longer becomes a second 

measured at t h i s  point i f  we convert t o  another coordinate system and measure 
t h i s  second there. In a s tar  system tha t  which lasts f o r  a second i n  another 

coordinate system may prove t o  be an hour, a century, - one thousand years or 
a b i l l i o n  years. 

The general theory of  r e l a t i v i t y  examines gravi ta t ion as a change i n  the 

The grea te r  t he  gravi ta t ional  f i e l d  stress at a given poin t ,  

In connection with s tar  compression t o  the  c r i t i c a l  radius 
/I80 indicated above, any time in te rva l  becomes i n f i n i t e  i n  another reference - 

system f r ee  from such an intensive gravi ta t ional  f i e ld .  

intervals  i n  a gravi ta t ional  f i e l d  i s  expressed, i n  par t icu lar ,  i n  an increase 

i n  the  period of electromagnetic osc i l la t ions  and correspondingly by an in-  

crease i n  the length of electromagnetic waves and i n  a red s h i f t  of spec t ra l  

l ines .  

radius (which is  proportional, as we have already mentioned, t o  the  mass of 

-the star and f o r  the mass o f  the  sun equals 3 km)_ converts the periods of the 
electromagnetic osc i l la t ions  t o  i n f i n i t e  periods. This means t h a t  e lectro-  

The increase i n  time 

._. 

" 

A gravi ta t ional  f i e l d  corresponding t o  s tar  compression t o  the cr i t ical  

I 

L- 

'magnetic radiat ion ceases. A l l  radiat ion ceases. The collapsing s ta r  i s  
. 

associated with other  bodies only by gravi ta t ion.  The s ta r  f a l l s ,  i n  the  ex- 

- pression by Ya. B. Zel'dovich, i n t o  a gravi ta t ional  grave. 
.. 

.. . .. - - . . . . .. . . - . . 



__- - 
Gravitational collapse belongs t o  a number of processes which d i f f e r  _- 

principal ly  from ordinary r e l a t i v i s t i c  processes (here the word vlordinaryll 

-designates - "comparatively known t o  science, serving the  bas i c  object of inves- 

These ordinary r e l a t i v i s t i c  processes re- 
I- quire f o r  t h e i r  description consideration f o r  t he  relationships of the theory 
of r e l a t i v i t y  because released and absorbed energies are compared with the 

-I , - t igation and applied i n  practice"). 
_. 

_- 
I _ -  - rest masses of pa r t i c l e s  multiplied by the  square of the speed of  l igh t .  

- re la t ivis t ic  processes, beginning with the discoveries a t  the beginning of the  

Ultra- 

1930% of annihilation and generation of electron-positron pa i r s ,  are asso- 

I -  ' -ciated with the absorption and release of energies of the order of the rest 
_ -  

.. 
mass, multiplied by the square of  t h e  speed of l i g h t .  

cesses brings science closer  t o  a solut ion of the  most fundamental problems 

f o r  our time de rerum natura, and f a c i l i t a t e s  t he  prac t ica l  application of 
these processes and the  t r ans i t i on  t o  an u l t r a r e l a t i v i s t i c  c ivi l izat ion-- the 

The study of such pro- 

_ _  

. _ _  
- embodiment of subnuclear physics. - 

_- 
__ In contrast  t o  ordinary evolution ( in  the  meaning indicated above) i n  the  
main sequence, where gravi ta t ional  compression i s  balanced by thermonuclear 

and nuclear reactions i n  general, the  debut and the f ina l e  i n  the  l i f e  of 

stars approach the  f u l l  rea l iza t ion  of the  equation E = m c  , i.e., t o  t he  f u l l  

transformation of potent ia l  energy i n t o  radiat ion energy. 

of ultrahigh pressures involving density grea te r  than the  density of t he  
atomic nucleus, and concentration of t he  en t i r e  mass of the star i n  a sphere /I81 

2 

Under conditions 

- 
. with a radius of several  kilometers with i n f i n i t e  ( fo r  t he  external observer) 

length of radiated waves i n  t h i s  world of the  collapsing star, cer ta in  pro- 

cesses occur on subnuclear sca les  which are  s t i l l  not  clear. A pic ture  of 

these processes cannot be drawn i f  w e  are l imited by the  special  theory of 

r e l a t iv i ty .  Here gravi ta t ion encroaches upon the  microcosm. I n  connection 

-with the  tremendous density of matter which is only encountered here i n  

I _ _  collapsing s t a r s ,  i n  the  small distances between pa r t i c l e s ,  the gravi ta t ional  

- .  
' 

_- 

- -  relationships which are very weak by the ordinary scales  of atomic physics 

_- become qui te  intensive. 

cer ta in  synthesis i s  required between the quantum physics of the microcosm 

and the general theory of r e l a t i v i t y ,  i .e. ,  the  contemporary theory of grav- 
it a t  ion. 

__.. 
Therefore i n  order t o  understand these processes a 

. I . - . - - . - - - - - 
I 
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-. 

-wi th  a mass of  l e s s  than 1 . 2  times the  mass of the sun become white dwarfs; 
-Tk& the  f i n a l  f a t e  of the s t i r s d e p e n d s  mainly on t h e i r  mass: s t a r s  

- __ - - - . 
stars with a m a s s  of 1 .2  t o  2 times the  mass of t h e  sun a re  transformed i n t o  

. - - ~ e u t r o n  stars; stars with a mass which i s  grea te r  than twice t h a t  of t h e  sun 
In the  process o f  revolu- _....I__*̂  collapse --"- and f a l l  i n t o  t h e  "gravi ta t ional  grave." 

- t ian loss of  the mantle is possible with a reduction i n  mass and a corres- 

- ~cm-&ng-change i n  eventual f a t e .  A cha rac t e r i s t i c  fea ture  of 'contemporary -_c 

-&S~ZOZIQ~Y and astrophysics is the  close re la t ionship  between problems of 
s te l lar  evolution and problems of ga l ac t i c  evolution. S ta rs  form from in t e r -  

stellar matter and they themselves a re  the source of replenishment of s t e l l a r  . 

-matter during cataclysms which s t r i p  away s t e l l a r  mantles. 

" leads . to  a conclusion of a diminishing quantity of i n t e r s t e l l a r  matter i n  the 

Part of t h i s  matter remains in  s t a b l e  dwarfs which conclude the  main 

But t h i s  des i re  

-.-gdaxy. 
sequence and another pa r t  remains i n  slowly evolving stars which do not exceed 

&-mass 1.2 times the mass of the  sun and a re  not able during the  time of 
existence o f t h e  galaxy t o  complete t h e i r  evolution. This is  the  f i rs t  con- 

--&usion-concerning the balance of the galaxy from the plan of s t e l l a r  evolu- - 

t ion.  It r e fe r s  t o  the d is t r ibu t ion  o f  matter among stars and i n t e r s t e l l a r  
/182 g= 

s t e l l a r  evolution. 

the  formation of  helium. 
at a cer ta in  s tage the fu r the r  accumulation of nucleons i n  the  nuclei  ceases, 

-since new nuclei  proved t o  be unstable and d is in tegra te  before they a re  joined 

The problem of the or igin of heavy nuclei  follows from t h i s  plan of - 
The i n i t i a l  supply of hydrogen i s  gradually consumed i n  

Oxygen and carbon are  formed from the helium. But 

by new nucleons. I t  may be assumed tha t  the s i t u a t i o n  is  d i f f e ren t  during 

- eruptions which we c a l l  supernova outbursts.  During the  chain reactions which 

occur here numerous neutrons appear which a re  captured by nuclei  before t h e i r  

After  capture of t he  neutrons these nuclei  become s t a b l e  and %* 

, disintegrat ion.  

. t h e  increase i n  the number of nucleons, i . e . ,  the  t r ans i t i on  t o  heavier 
_. 

elements occurs without hindrance as f a r  as those elements which a re  a t  the  

.very end of the  Mendeleyev table .  
-- 

~ During outbursts of supernovae heavy nuclei  

! -penetrate the  i n t e r s t e l l a r  gas and subsequently i n t o  the second-generation - 
I- 

stars which are  formed from the gas. 
- 

T h e  following p ic ture  is  drawn of the or ig in  of the  galaxy, i . e . ,  of 
The i n i t i a l  plasma cloud, events which occurred 10-15 b i l l i o n  years ago. 

. . . - -  ... 



- - - .  ---- 
- 

. consisting mainly (or perhaps completely) of protons and electrons,  was corn-- - 
essed under grav i ta t iona l  influence. Condensation of the primary cloud 

occurred nonuniformly, and local  coagulations occurred from which s t e l l a r  
. - _ _  - --- - -- 

._ 

-. -c lusters  were l a t e r  formed; l e s s e r  coagulations within the  l i m i t s  of these 
- 
first coagulations were the fu ture  s t a r s  of t he  first generation, The cloud 

I t  rotated,  which prevented the  grav i ta t iona l  a t t r ac -  

- -  i -  - - _  -tion of a l l  plasma i n  the  center; t h i s  w a s  concentrated i n  the plane perpen- 

- 
-became a protogalaxy. 
_I 

dicular  t o  the  ro ta t iona l  axis. 
.- 
- 

- analysis of the  evolution o f t h e  galaxy for t h e i r  explanation. 

,-basis for bel ieving t h a t  the gradual t r ans i t i on  from a primary proton- 

Phenomena are  known t o  contemporary astronomy which require fu r the r  
-- 

There i s  a 

.I 

-electron cloud t o  a protogalaxy and then t o  the s t e l l a r  galaxy has been in-  

- terrupted, and perhaps powerful explosions i n  the ga l ac t i c  centers a re  

-occurring which a re  incomparably more powergul 
.- 

an the outbursts of super- 

novae. 
_due t o  outbursts of supernovae and which possess very intensive radio- 

-frequency radiat ion,  there  e x i s t s  very f a r  from us galaxies with intensive 
radio-frequency radiat ion.  

In  addi t ion t o  the  nebulae i n  the composition of our galaxy, which a r e  

I t  is  possible t h a t  these radio gaZaxies originated 
from astronomical objects  s imi la r  t o  those which were discovered at the 

.boundaries of t h a t  pa r t  of the  universe known t o  us. 

~ stars, quas i - s t e l l a r  objects ,  quasi-s tars  o r  quasars. 

?hey a re  cal led super- 

It i s  possible t o  de- /183 - 
termine distances t o  the  quasars from red s h i f t ,  and therefore from recession 

uelocity; having compared t h i s  distance with the apparent brightness,  we 

evaluate t h e i r  luminosity. 

quasars which reaches us now was radiated several  b i l l i o n  years ago. 
present-day quasar, i f  i t  ex i s t s  now, may be seen on the ear th  i n  many b i l l i o n s  

of years i f  by t h i s  time the ear th ,  the s o l a r  system as a whole, and our 

-galaxy are  still i n  existence,  

I What the  quasar represents is not  known at the present time. Its 

luminosity, i f  w e  keep i n  mind the observed brightness and the tremendous 

distance,  exceeds by 100 times the luminosity of the  most prominent of the 

It may be concluded from t h i s  t h a t  the l i g h t  from 

A 

- 

- 
, 

. -- 
j 

galaxies known t o  us. 

pression or thermonuclear reactions (proposals have been expressed concerning 

The source o f  such energy may be gravi ta t ional  com- 

.. . _.__ ~~ ~ -. .., .. ... .. . . - .. _ _ _ _  . ... ... .- 
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-_ . a chain react ion of outbursts of  supernovae, as well a s - t h e  explosion of a 

massive gaseous sphere, formed i n  the  ga l ac t i c  center,  i.e., a star several  

mil l ion times grea te r  than the sun). ' 

The f a r t h e r  a cer ta in  galaxy i s  located from us the grea te r  its recession 

, -. 
__ 

- -  
* -- 
,---velocity and the g rea t e r  the  red shift. 

h of d i s t an t  galaxies.  

* compensated f o r  by the construction of very powerful telescopes i n  the opt ica l ,  

?his reduces the apparent brightness 
_ _  

Such brightness attenuation within cer ta in  l i m i t s  is 

inf ra red  and radio bands and i n  the  fu ture  by s i tua t ing  such telescopes on 

a r t i f i c i a l  s a t e l l i t e s  and on the moon. In the more d i s t an t  future  they w i l l  
-- 

.~ A -  ' also be s i t ua t ed  on the planets of  t he  ear th  group and on s a t e l l i t e s  of these 

planets.  We may be assured t h a t  i n  the course of the  decades which separate 
-.- 
.us from the  year 2000, even more d i s t an t  objects w i l l  be discovered which 

perhaps w i l l  prove t o  be more prominent and more enigmatic than quasars. 

- Distant astronomical objects a r e  located r e a t  distances from us,  but 

w e  study them as they were b i l l i o n s  of years ago when they sent  out the l i g h t  

a .  

I . . .  

- which reaches us now. Therefore observations of quasars may lead t o  very 
- -. 

rad ica l  cosmological conclusions and t o  new concepts concerning t h e  evolution 
of the universe. 

. s c i en t i f i c  predictions.  

Here it i s  possible t o  see a cha rac t e r i s t i c  pecu l i a r i t y  of /184 - 
The enumeration of astronomical and astrophysical 

- -problems (the evolution of the s t a r s ,  neutron stars, supernovae, collapse,  

the or ig in  of cosmic rays, the  nature of quasars) represents i n  essence a 

prediction design for the  decades immediately ahead: we assume t h a t  during 
1 t h i s  period problems w i l l  be solved t o  a cer ta in  extent which were posed by - 

the  discovery of supernovae, quasars, e t c .  In contemporary astrophysics 
. almost each generalization, almost every new concept and almost every s ign i f -  

i can t  r e s u l t  of  observation represent not only hypothetical statements which 

.pertain t o  the s t ruc tu re  of the universe, but a l so  hypothetical  statements 

,-concerning t h a t  development o f  astrophysics and astronomy which confirms and 

'--specifically defines an expressed hypothesis o r  forces i t s  refutat ion.  

A -- fore  the  enumeration - of problems and hypotheses i n  . -  contemporary astrophysics 
-and astronomy represents a cer ta in  diagramatic prediction of the development 

-of science i t s e l f .  

. 
- -- 

- 
Tnere- 

i -- 

i 

"his predict ion issues  from observations already made, concepts already 
~. - 

I 

---. 



-_ I _- - - 
expressed and problems already formulated. In addition, any prediction i n  .- 

=-this area involves the  inev i t ab i l i t y  of new observations and fundamentally ’ 

-new .- resu l t s .  
- -au thent ic  component of the prediction, although it does not permit spec i f i c  

A similar inev i t ab i l i t y  is the  such an i n e v i t a b i l i t y  i s  the 

- 
- in te rpre ta t ion .  

-observations and the study of nonoptical bands. . New observations w i l l  cer- 

-- t a in ly  r a i s e  new problems and w i l l  change the development of astrophysics and 

-astronomy. 

I 

We have r e a l l y  only entered upon the e ra  of e x t r a t e r r e s t r i a l  

_. ; 

- 
We are again convinced t h a t  s c i e n t i f i c  prediction represents i n  a general 

. case a tangent t o  a real curve, a tangent which shows the direct ion of a _ _  
curve which may change a t  any moment. 

o f  predictions--neither theore t ica l ly  nor prac t ica l ly .  

science *he hypothesis more than a t  any other  
- f o r  authentic pos i t ive  knowledge. In the phy 

This i n  no way changes the significance 

In contemporary 

is  a condition of  progress 
of elementary pa r t i c l e s  the  

contemporary period is a period of reasoning out questions which w i l l  be put 
t o  nature with the  help of a new generation of expeditors. 
the contemporary period demands the reasoning out of questions which w i l l  be 

put t o  nature with the help of telescopes and astrophysical radiat ion re-  

In .astrophysics 
- 

ceivers on s a t e l l i t e s ,  on the moon and subsequently on the planets of the 
/185 ear th  group. To a great  extent the questions i n  the  theory of elementary - 

par t i c l e s  and questions of astrophysics coincide. Both however a re  prepared 

i n  the  form of physical and astrophysical hypotheses which i n  addition serve 

as unique predictions of  s c i e n t i f i c  development. 

e f f ec t  of these hypotheses and predictions a re  concerned, they r a i s e  the in- 
t e l l ec tua l  po ten t ia l  o f  science and t h i s  a f f ec t s  t he  qua l i ta t ive ly  indeter- 

minate but undoubted acceleration i n  the  progress of c iv i l i za t ion .  

t o  r a i s e  the  in t e l l ec tua l  po ten t ia l  of  science a great  deal of significance 

is attached t o  the  unavoidable appeal t o  general cosmologic hypotheses during 

the development of large-scale pa r t i cu la r  astronomical and astrophysical 

- problems. O f  a large number of  cardinal questions concerning the  s t ruc ture  

and evolution of the universe as a whole, we s h a l l  examine the questions: 

1) Concerning the homogeneity of the universe; 2)  Concerning i ts  f in i teness  

or i n f in i ty ;  3) Concerning expansion o f  the universe; 4) Concerning i ts  s t a t e  
p r i o r  t o  expansion and 5) Concerning the symmetry or asymmetry of the  universe 

14 - -  

As f a r  as the p rac t i ca l  

In order 

_- 
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i n  the sense of equal o r  unequal content of pa r t i c l e s  and an t ipa r t i c l e s .  
. _  

-----  - A first glance ---I-_---. at  the  _ _ _ _  sky --. detects  the  nonuniformity of mass d is t r ibu t ion .  

-In stars matter d i f f e r s  sharply i n  density from the i n t e r s t e l l a r  medium. 

-Stars  are grouped i n  galaxies where the  average density i s  na tura l ly  grea te r  
,&an 2n i n t e rga lac t i c  space. 

. 
I_ 

The sun belongs t o  a galaxy which consis ts  of 
100 b i l l i o n  stars. Beyond t h i s  there  is  starless space and then new galaxies,  - 

- 
- '  Socated a t  distances of 1-5 mill ion l i g h t  years. Occupying even grea te r  ex- 

--pmses, w e  detect  c lus te rs  which consist  of tens o r  hundreds of galaxies.  

- But w e  do not detect  l a rger  s t ruc tu ra l  uni ts .  Therefore it i s  permissible t o  

. -  ~ -assume t h a t  the universe, taken i n  scales which we encompass with the tele- - -  - 
scope, is  homogeneous. 

buundary the  same density of matter, regardless of where the  s t e l l a r  sky ob- 

servation i s  made. 

In passing t o  grea te r  scales, we obtain at  the 

For a sphere with a radius of about 3 b i l l i o n  l i g h t  years, 

--where hundreds of mill ions of galaxies are located, the average density 

approaches 
these limits as a cer ta in  cosmic uniformity substratum, while ignoring local  

nmmiformi t ies  clear up t o  c lus te rs  of galaxies. 
clusters become very small i n  comparison with the sphere which encompasses 
that pa r t  of the universe known t o  us. We may assume t h a t  t he  universe i s  
homogeneous i n  expanses which are s t i l l  inaccessible t o  the telescope. 

g pe r  cubic centimeter. We may examine the matter within 

The distances between such /186 - 

- 
A cer ta in  l loptical  horizon" e x i s t s  beyond which we a re  s t i l l  unable t o  

-see, because objects are located there  (if the  p ic ture  i s  simplified somewhat) 

. _  which recede from us at the  speed of l igh t ;  i n  t h i s  connection the  red s h i f t  

becomes i n f i n i t e  and these objects a re  not v i s ib l e .  But a t  s ign i f i can t ly  

sharter distances the  postulate  of homogeneity i n  the  universe is  a question 

which' can be confirmed by observations. 
gated, f o r  which i t s  homogeneity i s  confirmed by observations, depends (within 

- The scope of the  universe inves t i -  
"I 

--the limits indicated) on the power of telescopes, of t h e i r  location outside 

-2he t e r r e s t r i a l  atmosphere and on the  poss ib i l i t y  of intercept ing a l l  bands of 
"I 

electromagnetic waves and a l l  types of cosmic radiat ion,  o r  i n  other  words, 
?--" 

h m  t he  course of t he  new astronomical revolution. 

-ather fundamental cosmological questions a l so  depends on t h i s  revolution. 

As we s h a l l  see,  answers to- 

... 
. I  _ .  These include the  question of t he  f in i teness  o r  the i n f i n i t y  of t he  _ _  

. -  - _ . _ _ I  - _ I _ _ _ - - . - _ _ - I _  

- .̂  
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_-  _. 

univers-e. Here we must re turn t o  the b r i e f  remarks concerning the general 
’-theory of r e l a t i v i t y  made at the beginning of t h i s  ‘book and develop them 

- -__-- ..- - -__-- -- _. - I_ - - - ._ - - _. - 
somewhat. Einstein examines grav i ta t ion  as a change i n  metrics, as a t ran-  

- A t i o n  from Euclidean propert ies  of space-time t o  non-Euclidean propert ies ,  
r 

I 

__ 
_I as a curve i n  space-time. 

-tianal f i e l d s  of planets,  stars, galaxies,  i . e . ,  space-time curves which force 
Moving i n  space, we s h a l l  encounter local  gravi ta-  

---%e-wodd _ .  -l ine of a body to  m e ,  s i m i l a r  t o  t he  manner i n  which on the  two- 
-dimensional surface of  the  ear th  mounds, knol ls ,  h i l l s  and mountains curve 

-the t r a j ec to ry  of a body moving over the  t e r r e s t r i a l  surface.  But.on the  

_- ‘earth, i n  addition t o  these loca l  curves, the  general curvature of the  plan- 

: e tary  surface a lso  ex i s t s .  
- a  curve e x i s t  i n  the  universe similar t o  the overal l  curvature? 

Aside, from local  grav i ta t iona l  f i e l d s  does not  
If space- 

_- 

-- “tiqe-as a whole possesses such -a c q a t u r e ,  t he  motion of  a body, having 

flown through space from a given point at a given moment, would terminate 
.-the f l i g h t  at the same point and a t  the same time; i ts  world l i n e  would be 

-closed, just as t he  t r i p  is  closed of a round-the-world t rave ler ,  who s e t  out 

-+~ng--tbe-st.trface of t h e  earth;-not changing direct ion.  But a closed l i ne  
1187 i n  space does not contradict  the axioms of  physics, whereas a closed world - 

l i n e  and the  a r r i v a l  of a space t raveIer  a t  the same point and at  the same 

time t h a t  he s e t  out on h i s  t r i p  qre physically impossible. 
fore  proposed t h a t  time is  not curved but t h a t  only space possesses the  

curvature. 

-local f i e l d s  which change i ts  direct ion,  w i l l  fa l l  a t  the same poin t ,  having 

ilescribed a closed l i n e  the length of which depends on the space curvature. 

. Einstein there-  _ _  

A body which f r e e l y  f I i e s  i n  the universe, regardless of the 

-I 

*gn t - th i s  w i l l  occur i n  b i l l i o n s  of  years and a return t o  the same ins tan t  w i l l  

-. not occur. 

spatial dimensions which possess a curvature, while time does not  possess a 

-. curvature, reminds one of a cylinder the surface of  which is  s t r a i g h t  i n  one 

,-dimension (para l le l  t o  t he  axis)  and curved i n  the  other, transverse direct ion.  

A similar s t ruc tu re  of  a four-dimensional world which involves 
- 

. .. 

- -  
- -  3 The world o f  Einstein i s  therefore ca l led  a -cy l ind r i ca l  world. 

A 

This is  a closed model of  the universe. I t  has f i n i t e  volume and the  
. 

-_I 

t r a j ec to ry  of a f ree ly  moving body within it cannot be i n f i n i t e .  But such a 

- f i n i t e  universe does not resemble t h e  f i n i t e  universe of Ar is to t le ;  here there  

i s ’ n o  boundary which closes the  universe. It a l so  does not resemble the model 

. - -  , . . I .. . . . 



of a s t e l l a r  i s land  i n  a boundless ocean of empty space. 
i t s e l f ,  although it has no shores, i s  l imited.  If we pass from three- 

-dimensional space t o  a two-dimensional surface,  it i s  easy t o  f ind  a visual  

-representation; t he  surface of a sphere has no boundaries but it is  f i n i t e  

_.  i n  area and it is  impossible t o  draw on it a geodetic l i n e  of unlimited 

-1 ength 

Here the  ocean 

. I  

* .  - A similar concept concerning outer  space is  not uniquely possible.  Here 

space becomes a spherical  surface and the geometry of the universe i s  the  

geometry of Riemann: through a point  outside a l i ne ,  not one l i n e  can be drawn 

which w i l l  not i n t e r sec t  the given l ine ;  the  sum of the angles of  a t r i ang le  

is  grea te r  than two r igh t  angles; perpendiculars t o  the same s t r a igh t  l i n e  

in t e r sec t ,  e tc .  

is  d i f f e ren t .  

_ _  , 

B u t  it cannot be excluded t h a t  the geometry of the  universe 

It is  possible t o  imagine a curved surface of the saddle surface 
- 

/188 type and t o  convinced t h a t  the geometry of Lobachevsky is  real ized on it: - 
through a point outside a l i n e  it i s  possible  t o  draw as many l ines  as desired 

which do not i n t e r sec t  the given l ine ;  the sum of the angles of a t r i ang le  
are  less  than two r igh t  angles; perpendiculars t o  the  same l ine  diverge. If 

outer  space i s  a three-dimensional analog of such a surface,  then it is  open. 

I t  is open i f  space curvature does not ex i s t ,  i f  i t s  two-dimensional analog 

i s  a plane. 

- 

If t h e  universe possesses a cer ta in  space curvature, it may be constant 

or it may depend on time. The second assumption forms the  bas i s  f o r  the  of t -  

< noted models advanced by A. A. Fridman i n  1922, models of an expanding 

universe. 
d i s tan t  stars confirmed the  Fridman model. 

^expanding universe is  an open one. 

expansion occurs as an i r r eve r s ib l e  process o r  whether the  universe pulsates  

We already know t h a t  the red s h i f t  detected due t o  the  spec t ra  of 
The question of the nature of the  

I t  i s  not possible t o  say now whether the  

_ -  -%nd expansion w i l l  sometime be replaced by compression. 

-problem depends on da ta  concerning t h e  average density of matter i n  the  

The solut ion of t h i s  

- -  
,un iverse  -. and i n  general on the r e su l t s  of astronomical and 

'-servations. I t  may be assumed t h a t  a unique solut ion w i l l  

problem i n  the last t h i r d  of our century, i.e.,  before the 

. From the  course of the new astronomical revolution we 
- - 

17 - 

as t rophys i ca l  ob - 
be found t o  the 

. 
year 2000. 

may a l so  expect 



_ _  
- .  I 

i n  t h i s  period an answer t o  another cardinal cosmologic and cosmogonic question. 

-'€his is the  question of the  s t a t e  of the universe a t  the time when it began 
--- -- 

t o  expand. 

__ 
- find t h a t  7-14 b i l l i o n  years ago the universe was an overdense body. 

If w e  proceed from modern concepts concerning the r a t e  of expansion we 
What was 

- 
i ts  temperature? In 1946 Gamow advanced the model of a "hot universe"-- 

. . --_- __ .- the  assumption of a very high i n i t i a l  temperature. When the expansion of the 

universe brought it t o  an average density equal 

- the  temperature w a s  approximately degrees, 
- -  density, the  temperature was even higher. 

Data f o r  a ce r t a in  so lu t ion  of the problem 

t o  the density of  the center,  

while previously a t  a higher 

concerning the i n i t i a l  s t a t e  

-of the  universe a r e  c losely associated with astrophysical observations and 
even with works which have a p rac t i ca l  e f f ec t .  

i n  1965 at  Bell laborator ies ,  thermal radiat ' i  

the  ear th  from a l l  s ides  with the  same in tens i ty .  

"relic" rad ia t ion  the  existence was derived of a cer ta in  specif ied temperature 
i n  in t e rga lac t i c  space and i ts  value was linked with the  i n i t i a l  temperature 

of t he  Universe, as evaluated by the  '!hotv* model. Numerous works associating 

-. 
r ing a study of radio noise 

s. discovered which reaches 

. 

/189 - 
From e nature of t h i s  

- 

t h i s  model with astrophysical data a re  based on the transmutation of elementary 

pa r t i c l e s  ( in  pa r t i cu la r ,  On the annihi la t ion of  heavy p a r t i c l e s  and the 
preservation of the  neutrino and several  o ther  pa r t i c l e s ) .  

- 

with the  theory of elementary pa r t i c l e s .  

we examine matter (electrons,  protons, neutrons, etc.)  and antimatter (positrons,  

I -  

Ihe problem of the  symmetry of the  Universe is  j u s t  as c losely associated 
In the theory o f  elementary p a r t i c l e s  

antiprotons, antineutrons, etc.)  Is the universe symmetrical i n  the sense tha t  

matter and ant imat ter  a r e  represented i n  it i n  quant i ta t ive ly  equal shares? 

Theories exist which derive from the newest hypotheses concerning elementary 

p a r t i c l e s  of asymmetry of  the universe--a lack of macroscopic concentrations of 
- .  

' : antimatter.  The c e l e s t i a l  bodies and galaxies of which the universe consists 

'represent matter. 
s t a r s  and e n t i r e  ant igalaxies .  

There a re  other  theories  which propose the  presence of an t i -  
They include cosmogonic concepts--an assumption 

._ 

. concerning a cer ta in  i n i t i a l  ambipZasma (from the Greek word "ambios"--both), 

which consis ts  of matter and antimatter.  A t  a cer ta in  stage i n  the development 

. . . 

_ .  



. . . . . . .  - ...... 
_ - -  - _. ___ - 

-af the  universe i n  powerful nanuniform gravi ta t iona l  and magnetic f i e l d s  matter 

- and antimatter separate without co l l i s ions  - between - - _ _  par t i c l e s  _. . -- - __ and - - - __ a n t 2 a r t i c l e s .  - ___ __ - - -. - - .-. - - - 

.. Subsequent evolution includes annihi la t ion processes which a re  appealed t o  i n  

- -par t icu lar  i n  -explaining t h e  powerfui radiat ion of quasars. 
- _ )  

I -  

Contemporary cosmology is characterized by i ts  in t eg ra l  character. The _I 

. _ ._  
- 
problems noted of homogeneity, i n f in i ty ,  expansion, i n i t i a l  s t a t e  i n  symmetry 

o f , t h e  universe may be solved only within the framework of a unif ied picture .  
- _ _  - -  - _  -. 

-For example, the assumption concerning the separation of ambiplasma without 

. p a r t i c l e  co l l i s ions  must somehow be  reconciled with the high i n i t i a l  density 

of the universe i n  the i n i t i a l  s t a t e  which r e su l t s  from the theory of an ex- 
_ .  

1 2  

j190 
, ,panding universe. There are many such relat ionships  and as a whole they - 

exclude the poss ib i l i t y  of the separate solut ion of  fundamental astrophysical 

problems. These problems cannot be solved apart  from the construction of the 
more general theory of  elementary pa r t i c l e s .  

t i v e l y  special  problems, such as the  nature of supernovae, the nature of  
quasars, etc., may be uniquely salved only i n  connection with the  solut ion of 

A t  the  same time such compara- 

fmdamental problems. - __- _ I  . _.- 

-In contemporary astrophysics the Einstein requirement of " internal  per- 

fection" has become r e a l  t o  an unprecedented extent.  

- 

eL.zssieaz i dea l  of  s c i e n t i f i c  e e l a n a t i o n .  

ta a cer ta in  plan of in te rac t ing  d iscre te  bodies as the last component of 

analysis.  The new, nonclassical  i dea l  of s c i e n t i f i c  explanation excludes the 

last components of analysis and is c loser  t o  the nonlinear concept of Spinoza 

concerning nature which interacts with i t s e l f  and it introduces i n t o  science 
a concept concerning t h e  in te rac t ion  of f i e lds  and a self-consis tent  system of 

-par t ic les  whose existence, r a the r  than simple behavior, is  the r e s u l t  of i n t e r -  

____ . 

Such a requirement cannot be  s a t i s f i e d  within the  framework of the, 
This i dea l  consis ts  of a reference 

' 

-action. 

the  analysis of the reaZity of  the  universe of the existence of s p e c i f i c  types 
;of  elementary pa r t i c l e s  and o f  the existence of space, s t ruc ture  and evolution- 

The new idea l  af s c i e n t i f i c  explanation consists of the inclusion i n  

-: 

which depend on the transmutations of pa r t i c l e s  and- i n  turn determine the 

. __..course of these transmutations. 

- __ ______.__ - -  _ _  ._ - - __  _ .  

..... 

... .- 

, . -  . , .  ... . , 



_ _  
_ _  - - - - - . I_ - -. - I - - 

_- A change i n  t h e  i d e a l  of s c i e n t i f i c  explanation has always proved t o  b e  

_I_- . - ~ -  a turning point  i n  the  devel~pment.of c i v i l i z a t i o n .  What may t h e  new, non- 

- c l a s s i c a l  i d e a l  of science give t o  c i v i l i z a t i o n ?  

_ _ -  . .  - -  
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